„:,UK Patent Application „«GB „„ 2 093 464 A 



(21) Application No 8105748 

(22) Date of filing 24 Feb 1981 
(43) Application published 

2 Sep 1982 

(51) INTCL> 

C08F 2/32 220/06 220/56 

(52) Domestic classification 
C3PJM 

C3W 209 210 227 

C3Y F210 
(56) Documents cited 

GB A 2030578 

GB 1570425 

GB 1497515 

GB 1365639 

GB 1328305 

GB 1206711 

US 3509114 

US 3405106 
(58) Reld of search 

C3P 

(71) Applicant 

Hercules Incorporated, 
910. Market Street 
Wilmington. 
Delaware 19899« 
United States of America 

(72) Inventor 

David Craig Zeoher 
(74) Agent 

Carpmaels and Aansford, 
43, Bloomsbury Square, 
London, 
WC1A2RA 



(54) Chemically-initiated Inverse 
Emulsion Polymerizations 

(57) A chemically initiated water-ln-oil 
emulsion polymerization process is 
disclosed for making water-soluble 
anionic copolymers from water- 
soluble, ethylenically unsaturated, 
addition polymerizable monomers. 
The products obtained by adding 



NaCI, NaBr, LiCI or LIBr to the aqueous 
phase of the water-in-o!l emulsion 
prior to polymerization are of 
increased molecular weight. The 
addition of such salts also leads to 
faster rates of polymerization and high 
conversions of monomer, to polymer. 
The examples are directed towards 
the copolymerlzation of sodium 
acrylate with acrylamide. 
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SPECIFICATION , . 

Chemically-initiated Inverse Emulsion Polymerizations 

This invention is directed to improvements in a process for preparing water-ln-oil emulsions of 
water-soluble, anionic vinyl addition polymers, which emulsions comprise an aqueous phase 
Containing the water-soluble, anionic vinyl addition polymer, an inert hydrophobic liquid, and a water- 
in-oil emulsifying agent. 

A prior art technique for preparing water-in-oil emulsions is disclosed in U.S. Patent No. 
3 284 393 to Vanderhoff et al. Vanderhoff's process involves dissolving a water-in-o.l ernu^jfymg 
aqent n an inert hydrophobic liquid (i.e., the oil phase), dissolving a water-soluble vinyl addition 
monomeryn water (i.e. the aqueous phase), and dissolving a free radical initiatorm either the oil phase 
or aqueous phase, depending upon the solubility of the P«rticu'ar initiator used TTieaque^^^^^^ 
then added to the oil phase with agitation until the aqueous phase is emulsified in the oil phase. The 
polymSzatLnTs then carried out It temperatures between 40oC and TO'C and the product recovered. 

Several improvements over the Vanderhoff et al process are described in the prior art. For 
examole U S Patent No. 3,826,77 1 to Anderson et al discloses water-in-oil emulsions containing 1 5 

Vi-95%iueous phase (compared to Vanderhoffs 30-70% aqueous phase). These emulsions are 
purported to be more stable than those prepared by Vanderhoff. 

Solution polymerization of water-soluble, ethylenically unsaturated monomers to form high 
molecular weight, water-soluble polymers is also disclosed in the prior art. The use of salt m such 
20 poVymerl^ations is disclosed in U.S. Patent No. 3.493.500 to Volk et al. Volk et al ^^^c^^^^Ue 20 

^ chemically initiated polymerization of water-soluble monomere in an aqueous solution con^a'n-ns ^alt. 
the salt serving to induce precipitation of the polymerized product. U.S. Patents Nos. 3.405,1 06 to 
Scanty an^ 3 509,1 1 4 to Ballast disclose the use of salt in the chemically Initiated polymerization of 
water-soluble monomers to accelerate polymerization rates. Ukevvlse. solution »JolV;"?"ff 
25 water-soluble monomers in the presence of salt via high energy radiation Is disclosed in U.S. Patent 25 
No. 4,024,040 to Phalanges et al. 

In accordance with this invention, it has been found that very high molecular weight water- 
soluble, anionic polymers can be prepared by emulsion polymerization by adding to the emulsion prior 
to polymerization from about 296 by weight of salt based on the total weight of the emulsion to the 
30 saturation point of the salt in the aqueous phase of the emulsion at the polymerization temperature. A 30 
preferred embodiment of the process of this invention comprises: ,u . • ..„oot..r=*»H 

(a) preparing an aqueous phase comprising at least two water-soluble, ethylenically unsaturated, 
addition polymerizable monomers, at least one of which is anionic, and a water-soluble salt dissolved 

35 "^^S'preparing an oil phase comprising an inert hydrophobic liquid and a water-ln-oll emulsifying 35 

aqent dissolved therein; . . ..w •• 1. 

(c) dissolving a chemical free radical initiator in either the aqueous phase or the oil phase, 
depending upon the solubility characteristics of the initiator: 

(d) dispersing the aqueous phase into the oil phase to form an emulsion; and 

40 (e) polymerizing the water-soluble monomers. ^ ^ u ^ 

It should be noted that there are many variations of the above procedure that may be utilized. For 
example the chemical free radical initator can be added after the aqueous and oil phases are 
emulsified. Likewise, an emulsion of the monomer may be formed and fed incrementally or 
continuously to a "heel" of the emulsion In the reactor. 

45 Reqardless of the particular procedure employed, it is essential that the aqueous phase be 46 

properly dispersed into the oil phase. The molecular weight of the product polymer 'npreases 
sianificantly with decreasing size of the aqueous phase droplets which are dispersed in the oil phase. 
According to this invention, the size of the dispersed aqueous phase droplets is about 5 microns or less, 
oreferably about 1 micron or less. Droplet sizes of 5 microns or less may be achieved by any suitable • 

50 method including agitation of the aqueous phase/oil phase mixture in a high speed blender or 50 
homogenizer, or passing said mixture through a colloid mill at a small gap setting. 

The water-soluble monomers that can be employed In the process of this invention include 
water-soluble, ethylenically unsaturated monomers conforming to the formula 



H,C=C— C— Y, 



SS vinyl sulfonic acid, alkali metal salts of vinyl sulfonic acid, diacetone acrylamide. and mixtures thereof. 56 
In the above formula R represents hydrogen or methyl and Y represents — NHj. — OIVl. or 
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CH3 

I 

— NH— C— CH2SO3M. 

I 

CH3 

wherein M is iiydrogen, HaN*, alkali metal, or any other cation yielding a water-soluble, polymerizable 
compound. At least one of the monomers used to produce the water-soluble, anionic polymers must 
have anionic functionality. I.e., where vinyl sulfonic acid or its alkali metal salts are used or where Y in 
5 the above formula Is OM or 

CH3 

I 

_NH— C— CH2SO3M. 

I 

CH3 

Illustrative examples of monomers conforming to the above formula include acrylamlde, 
methacrylamlde. 2-acrylamldo-2-methyl-propanesulfonic acid, acrylic and methacrylic acids and their 
water-soluble salts, such as their ammonium and alkali metal salts. A preferred nitrogen-bearing 

10 monomer within the above formula is acrylamide, and a preferred anionic monomer is sodium acrylate. 10 
The invention contemplates polymers obtained by polymerizing mixtures of the above defined 
monomers as well as water-soluble mixtures of such monomers with up to 1 0% by weight of other 
water-soluble, copolymerizable, ethylenically unsaturated monomers, such as, for example, 
vinylimidazole, acrylonitrile, and maleic acid and water-soluble salts of maleic acid, such as the alkali 

15 metal salts of maleic acid. ^ . 

The monomer combinations described above produce polymers vyhich are anionic. When used in 
this specification, the expression "anionic polymer" means polymer consisting of 1 % to 99% by weight 
of polymerized anionic monomer and 99 to 1 % by weight of polymerized nonionic monomer based on 
the total polymerized monomer weight. Preferably, the anionic monomer comprises from about 1 0% to 

20 about 50% by weight based on the total weight of all monomers. By way of illustration, copolymers of 20 
acrylamide with dcryiic acid or its salts are anionic. 

The above-described monomers and water comprise the aqueous phase of the water-in-oil 
emulsion. The monomers may be used in amounts from about 1 0% to about 30%, preferably from 
about 20% to about 30%, by weight based on the weight of the emulsion. 

25 The aqueous phase also contains water-soluble salt dissolved therein. It has been found that the 25 
addition of salt to the emulsion prior to polymerization leads to several beneficial effects. 
Polymerization rates are accelerated, thereby shortening the time required for substantially complete 
conversion of monomer to polymer. Coupled with this polymerization rate effect. Is the added benefit 
that conversions of monomer to polymer in excess of about 90%, and in particular in excess of about 

30 95%, are achieved using less chemical initiator when salt is present in the emulsion than when salt Is 30 
not present In addition, significant increases in the molecular weight of the watersoluble polymers . 
produced are observed when salt is present in the emulsions prior to polymerization. Throughout this 
specification reduced specific viscosity (RSV) is used as a measure of the molecular weight of the 
water-soluble polymers in the emulsions. Thus, typical RSV's for water-soluble sodium 

35 acrylate/acrylamide copolymers prepared by emulsion polymerization in the presence of salt at a 35 
polymerization temperature of about 50°C are in the range of about 27 — 31 while water-soluble 
sodium acrylate/acrylamide copolymers prepared by the same process but in the absence of salt have 
RSV's of only about 22 — ^24. 

Another benefit of the presence of salt is a dramatic effect upon the appearance of the emulsions 

40 produced. Emulsions having no salt are milky, while those which do contain salt are translucent; some 40 
approaching transparent. 

The amount of salt used will depend upon the particular salt, its solubility charactenstics and the 
polymerization conditions. In general, however, the amount of salt employed is from about 2%, based 
on the total weight of the total emulsion, to the saturation point of the salt in the aqueous phase at the 

45 polymerization temperature, and preferably from about half saturation to saturation. 45 
The water-soluble salts which may be used in the process of this invention are those water- 
soluble salts which are sufficiently soluble in the aqueous phase to furnish a solution containing at least 
2% by weight of dissolved salt, based on the total weight of the emulsion, and which are incapable of 
forming free radical scavengers. Salts which are useful in the process of this invention include sodium 

50 chloride, sodium bromide, lithium chloride and lithium bromide. The preferred salt is sodium chloride. 50 
Salts such as sodium sulfate and potassium chloride are not effective in improving the RSV of the 
water-soluble, anionic polymers produced in accordance with this invention. 

The oil phase of the emulsion comprises an inert hydrophobic liquid and a water-in-oil type 
emulsifying agent. Any inert hydrophobic liquid may be used including, for example, aliphatic and 
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aromatic hydrocarbons and halocarbons such as toluene, xylene, o-dichlorobenzene, 
perchloroethylene, hexane, heptane, kerosene, mineral oil, and Isopar M, a high-purity isoparafflnic 
material sold by Exxon Corp. The preferred inert hydrophobic liquid Is Isopar M. Likewise, any 
conventional water-in-oil emulsifying agent can be used, such as hexadecyl sodium phthalate, sorbltan 
5 monooleate, sorbitan monostearate. mono- and diglycerides, polyethoxylated sorbitol hexaoleate, cetyl 5 
or stearyl sodium phthalate, metal soaps or combinations thereof. Generally, the emulsifying agents 
used In the oil phase have a low hydrophile-lyophile balance, e.g., about 3 to about 5. Preferred 
emulsifying agents are sorbitan monooleate and a blend of polyethoxylated sorbitol hexaoleate and 
mono- and diglycerides. These emulsifying agents constitute about 0.5% to about 1 0%, preferably 

10 about 1 % to about 5%, by weight of the emulsion. 10 
The ratio of the aqueous phase to oil phase can vary widely. Generally, the water-in-oil emulsions 
will comprise about 20% to about 80% by weight of aqueous phase and about 80% to about 20% by 
weight of oil phase based on the total weight of the water-in-oil emulsion. A preferred aqueous phase 
to oil phase ratio is about 70— 75% by weight aqueous phase to about 30 — ^25% by weight oil phase 

1 5 based on the weight of the water-in-oil emulsion. 15 
As previously stated, the polymerization is initiated by means of a chemical free-radical initiator. 
The initiator may dissolve in either the oil phase or the aqueous phase, depending upon its solubility 
characteristics. Examples of water-soluble initiators include 4,4'-azobls-4-cyanovaleric acid (ACVA) 
having the formula: 

CH3 CH3 
I I 

20 HOOC— CH2— CH2— C— N=N— C— CH2— CH2— COOH, 20 

CN CN 

potassium persulfate (KaSzOa). and t-butyl hydroperoxide. Examples of oil-soluble initiators include, 
azobisisobutyronitrile (AlBN) having the formula: 

CH3 CH3 

I I 
CH3— C— N=N— C— CH3, 

I I 
CN CN 

2,2'-azobls(2,4-dimethylvaleronitrile) (ADVN) having the formula: 

CHa CH3 CH3 CH3 

I I I I 

^. CH— CH2— C— N=N— C— CH2— CH, 25 

I I I I 

CH3 CN CN CH3 

and benzoyl peroxide. In addition, water-soluble redox-type Initiators can be used such as, for example 
bromate/bisulfite or metabisulfite (e.g., KBrOg/NaHSOa or KBrOa/NajSjOs), persulfate^isulflte (e.g., 
KaSjOe/NaHSOa), and bisulfite/t-butyl hydroperoxide (e.g., NaHSOg/t-butyl hydroperoxide). 

The amount of chemical Initiator utilized depends upon several factors. As a general rule, the rate 
of reaction is directly proportional to the reaction temperature, i.e., as the reaction temperature is ^ 30 
decreased the rate of reaction slows due to a decrease in the activity of the initiator. Thus, if a desired 
reaction rate is to be maintained, the amount of initiator must be increased as the reaction temperature 
is lowered. This is particularly important In view of the advantages achieved by polymerizing at lower 
temperatures, as indicated hereinafter. By adjusting the reaction temperature and initiator level, the 
polymerization can be accomplished in a reasonable time and at reasonable percent conversion of 35 
monomer to polymer (e.g., at least about 95% while maintaining the advantages of lower 
polymerization temperatures. 

Thus, while the concentration of the initiator may vary, it will generally be used in amounts from 
about 0.1 to about 10,000 parts per million (ppm) based on the weight of the monomers, preferably 
40 f^^^ about 0.1 to about 1 ,000 ppm when a redox type initiator is used and preferably from about 1 .0 40 
to about 1 0,000 ppm when a thermal type initiator, e.g., ACVA, ADVN, or AlBN, Is used. 

As previously stated, certain advantages can be achieved by polymerizing at relatively low 
temperatures, i.e., below about 40°C, preferably from about 40°C to about 0°C, from about 30^C to 
about 1 0°C being particularly preferred. Polymer RSV significantly increases when the polymerization 
is conducted In accordance with the process of this invention at, for example, 20°C versus 50*»C. Thus. 45 
typical RSV values of the water-soluble polymers produced in accordance with this invention at a 
polymerization temperature of about 50°C are about 27 — 31 . However, following the same procedure. 
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water-soluble polymers are produced at a polymerization temperature of about 40^C having RSV'sof 
about 32 — ^35,and,at20°C, of about38 — 40. 

These low reaction temperatures may be achieved in any convenient manner, as by immersing 
the reaction vessel in a constant temperature bath, surrounding the reaction vessel with cooling coils, 
5 and the like. It should be noted that the polymerization is an exothermic reaction and, therefore, the 5 
temperature of the reaction mixture may vary slightly during the course of the polymerization if not run 
under Isothermal conditions. A typical reaction time versus reaction mixture temperature profile for a 
polymerization conducted as described in the examples which follow at a bath temperature of about 
30°C is shown in Table A below. The initial temperature of 22°C is maintained prior to initiation of the 
1 0 reaction to prevent premature polymerization. 1 0 

Table A 

React/on time Reaction time 

(minutes) Temp,, °C (minutes) Temp., °C 



O 22.0 52 33.0 

15 7 31.0 60 32.1 15 

15 36.0 90 31,0 

25 38.9 110 30.6 

35 34.5 300 30.0 



The best mode contemplated of carrying out the process of this invention is Illustrated by the 
20 following examples. In the following examples and throughout this specification, all percentages and 20 
parts are by weight unless otherwise indicated. 

Conversion of monomer to polymer is indicated in the examples. This conversion Is measured by 
adding to a sample of the emulsion produced a known volume of an acidified bromate-bromide 
solution which brominates any monomer in the emulsion, lodometric titration is then used to 
25 determine the excess bromine present in the emulsion so that the amount of monomer can be 25 
calculated. 

A typical bromination/lodometric conversion determination procedure comprises preparing a 1% 
emulsion solution by adding 1 .5 g of the emulsion produced to 148,5 g of water which contains 0.2 g 
of Renex 20, a nonionic inverting surfactant sold by ICI Americas Inc. The resulting mixture is tumbled 

30 overnight to assure complete dissolution. A 50.0 g aliquot of the 1 % emulsion solution is then weighed 30 
in an iodine flask and 25 ml of a 0.1 N KBr — KBrOa aqeuous solution is added to the flask followed by 
1 5 ml of 1 0% H2SO4 and the flask is quickly stoppered. Into the gutter of the flask is placed 1 0 ml of a 
1 0% Kt aqueous solution and the flask is placed In the dark for 30 minutes. 20 ml of the 1 0% Kl 
solution is then added to the flask by pouring it through the gutter and slowly removing the stopper so 

35 that no BTz gas is tost. The resulting mixture is then titrated with a 0.1 N aqueous NajSzOg solution. The 35 
same procedure is carried out on a blank 1% emulsion solution which contains all of the ingredients as 
the emulsion being tested except for monomer or polymer. The conversion of monomer to polymer can 
then be calculated using the following formula: 

N(Vb-Vs) 

Conversion^l 00 

0.2xAxBxD 

40 where 40 
N=normality of the NazSjOg solution, 

VB=volume in ml of NajSaOa solution for titration of the blank, 
Vs=volume in ml of the NajSjOg solution for titration of the sample, 
A=weight of total monomers per gram of original emulsion, 
45 B=moles of total monomers per gram of total monomers, 45 

D=weight of the 1 % emulsion solution sample in grams. 

RSV of the polymers produced is also indicated in the examples. RSV is measured by diluting a 
portion of the 1 % emulsion solution prepared for the measurement of conversion of monomer to 
polymer with a 2 m NaCI to give a 0.025 g/di polymer solution, based on the calculated percent 
50 conversion of monomer to polymer. Thus, for an emulsion which originally contains 25% by weight 50 . 

monomer based on the weight of the emulsion and which, after polymerization, has a 9696 conversion 
of monomer to polymer, the weight of the 1 % emulsion solution to be used In preparing a 0.025 g/dl 
solution in 2 m NaCI would be calculated as follows: 
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0.025x1 0« 25,000 

weight= = ^=10.42 9 

IxExF 25x96 



where 

E=percent monomer concentration In the original emulsion, 

F=percent conversion from monomer to polymer. 
5 The 1 0.42 g of the 1 % emulsion solution is then diluted to 50.0 g with deionlzed water and 57.1 

g of 1 9.6% NaCI solution added to produce the 0.025 g/dl polymer solution. 

RSV is measured using an Ubbelohde viscometer in a 30*»C constant temperature bath. The 
viscometer is filled with 2 m NaCI solution until the level of the solution is between the high and low 
level lines on the lower bulb. The solution is allowed to reach the bath temperature (30**C). The 
1 0 solution is then pulled up the viscosity tube using the suction bulb until it Is above the line between the 
two upper bulbs. The time in seconds that it takes the solution to drop from the upper to the lower 
graduation lines at the measuring bulb is recorded and this procedure is repeated until two consecutive 
runs agree with ±0.5% of each other, the average of these two runs being used in subsequent 

calculations. ^ / .. , • -n. 

1 5 The viscometer is then emptied and rinsed thoroughly with the 0.025 g/dl polymer solution. The 1 5 

procedure.described above for the 2 m IMaCI solution is repeated using the 0.025 g/dl polymer solution. 
RSV can then be calculated according to the following formula: 



10 



tg 

RSV= ^ 1 



where 

20 ts=flow time for the 0.025 g/dl polymer solution, 

to=flow time for the 2m NaCI solution, 
K=viscometer kinetic energy correction, 
C=polymer concentration In g/1 00 mi, in this case 0.025. 

•25 ^^"^Thts Example illustrates the preparation of a water-in-oil emulsion containing a water-soluble 26 
sodium acrylate/acrylamlde copolymer. 

The aqueous phase is prepared by combining the following: 

1 76.6 g of a 4935 wt % aqueous solution of acrylamide (87.5 g acrylarnide) 
110 3 g of a 34.0 wt % aqueous solution of sodium acrylate {37.5 g sodium acr/late) 
30 o'.25 g of 1 wt % aqueous solution of Versenex 80 heavy metal chelating agent which is the 30 

sodium salt of diethylenetrlamine pentaacetic acid (sold by Dow Chemical Co.) 

'^sio g of^a 1 wt % aqueous solution of ACVA (400 ppm ACVA, based on the weight of the 
monomers) 

35 25.85 g water 35 

358.0 g total 

The oil phase is prepared by combining 1 29.5 g Isopar M with 1 2.5 g of a water-in-oil 
emulsifying agent (mixture of mono- and diglycerides and polyethoxylated sorbitol hexaoleate), makmg 
thetotal weight of the oil phase 142.0 grams. .... r l ««u«hw9 Ar% 

40 The aqueous phase and oil phase are combined and the resultant mixture is homogenized for Z 40 

minutes in a Waring blender at high speed forming a water-in-oil emulsion. To prevent premature 
polymerization, the emulsion is sparged with nitrogen in a nylon bag immersed in an Ice-water Datn. 
The sparged emulsion is then added to a 1 .5 liter resin kettle immersed in a constant temperature 
water bath. The kettle was equipped with a stainless steel half-moon stirrer (normally operated at 

45 about 360 r.p.m.), nitrogen inlet, and a thermistor probe. ^ 

The polymerization is carried out at a bath temperature of 50°C for 5 hours. A sodium 
acrylate/acrylamide copolymer is produced having an RSV of 29.2. The conversion from monomer to 

'^°^^'"iraeS,^ercent conversion of monomer to polymer and RSV are inversely proportional, le. as 
50 percent conversion increases RSV decreases. This relationship between percent conversion and RSV is 50 
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illustrated in Table B below wherein the results of several polymerizations are shown. The 
polymerizations are conducted in accordance with the procedure described in Example 1 with the 
exception that the Initiator, initiator concentration and/or reaction temperature are varied as indicated 
in Table B. 



Table B 



10 



15 



Polymeri- 
zation 
No. 


Bath 
Temp. 


Initiator 
(ppm) 


Polymeri- 
zation 
Time 


Conversion 
Monomerto 
Polymer 


RSV 


1 


50°C 


ACVA, 400 


3 hra. 


93.9% 


31.7 


2 


50«C 


ACVA, 400 


4 hrs. 


92.9% 


31.6 


3 


50«C 


ACVA, 400 


5 hrs. 


97.8% 


29.2 


4 


30°C 


ACVA. 2500 


3 hrsi 


86.4% 


37.3 


5- 


30«C 


ACVA, 2500 


5 hrs. 


. . 98.0% 


35.1 


6a 


30*»C 


ADVN, 400 


1 hr. 


69.6% 


43.1 


6b 


30»C 


ADVN, 400 


2 hrs: . 


86.8% 




6c 


30°C 


ADVN, 400 


3 hrs. . 


91.9% 


38.6 


6d 


30»C 


ADVN, 400 


4 hrs. 


93.9% 


37.5 


6e 


30«C 


ADVN, 400 


5 hrs. 


94.9% 


37.4 



10 



15 



'^^Polymerizations 1 — 5 are separate polymerizations. Polymerizations 6a — 6e is a single 
20' polymerization sampled hourly. 

*^*Based on the weight of monorriers. 

Examples 2 — ^29 

The following examples illustrate the effect of NaCI on the. RSV of polymers produced In 
accordance with the process of this invention. The emulsions are prepared from the same ingredients 
25 and In the same manner as Example 1 , except that the chemical Initiator type and amount, temperature 
and amount of NaCI are varied as indicated In Table 1 below. 



20 



25 
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Table 1 



10 



15 



20 



25 



30 



35 



Ex. 
No. 


Bath Temp., 
Time 


Initiator 


2 


50°C, 5 hrs. 


ACVA, 400 


3 


50°C, 5 hrs. 


ACVA, 1 60 


4 


50°C, 5 hrs. 


ADVN, 80 


5 


50°C, 5 hrs. 


K2S20, 24 


6 


50°C, 5 hrs. 


KBrOg, 100/ 


NaHS03,40<w 


7 


50^C, 5 hrs. 


AIBN, 100 


8 


50°a 5hrs. 


AIBN, 160 


9 


50°C, 5 hrs. 


AIBN, 400 


10 


50°C, 5 hrs. 


AIBN, 500 


11 


50*'C, 5 hrs. 


AIBN. 600 


12 


SO^'C, 5 hrs. 


ACVA, 400 


13 


50°C, 5 hrs. 


AIBN, 600 


14 


Onop K hre 

oU o nrs. 


APVA 2500 


1 5 


Onor' K hrc 


ADVN 400 


1 6 


OAOP R hre 

oU L*, o nrs. 




1 7 


30°C, 5 hrs. 


ADVN, 500 


18 


30*»c! 5 hrs. 


ADVN, 500 


19 


30® C, 5 hrs. 


AIBN, 2500 


20 


30°C, 5 hrs. 


KBrOg, 100/ 


NaHSOa, 40«»*> 


21 


30*C, 5 hrs. 


NaHSOa, 100/ 


TBHP, 20*^' ^""^ 


22 


30°C, 5 hrs. 


K2S2O, 20/ 


NaHSOa, 8«w 


23 


30*^0, 5 hrs. 


ADVN, 500 


24 


30*»C, 5 hrs. 


ADVN, 640 


25 


30°C, 5 hrs. 


ACVA, 2500 


26 


30<»C, 5 hrs. 


ACVA, 3000 


27 


30° a 5 hrs. 


ACVA, 3200 


28 


30«*a 5 hrs. 


ACVA, 3600 


29 


30*^0, 5 hrs. 


ACVA, 3700 



%NaCfi^^ 


Conversion — 
il^onomer to 
Polymer 


RSV 


0 
0 


97.8% 


29.2 


8 


93.896 


30.1 


8 


96.7% 




8 


94.7% 


. 3U.Z 


8 


97.8% 


30.9 


8 


96.9% 


. 28.9 


8 


97.6% 


29.1 


8 


96.4% 


27.5 


8 


99.2% 


26.9 


8 


97.1% 


22.4 


u 


OO.V//W 


24.4 


0 


96.2% 


22.7 


8 


98% 


35.1 


8 


94.9% 


37.4 


8 


96.0% 


38.S 


8 


96.4% 


38.0 


4 


96.9% 


35.7 


8 


96.2% 


37.8 


8 


98.5% 


38.0 


8 


96.2% 


34.9 


8 


97.4% 


32.3 


0 


86% 


33.5 


0 


95% 


31.9 


0 


83% 


34.2 


0 


93.0% 


33.5 


0 


90:5% 


29.6 


0 


89% 


33.3 


0 


89.3% 


33.3 



10 



IS 



20 



25 



30 



35 



'"'Based on the weight of the monomers. . . ^ 

"■'The first component of the redox system is dissolved in the aqueous phase pnor to 
emulsification. The second component is added during polymerization in ten equal increments, equally 
40 spaced over the duration of the polymerization. 
•eiTBHP is t-butyl hydroperoxide. 
w'Based on the total weight of the emulsion. 

The data In Table 1 illustrate that the presence of NaCI in the emulsion during Po'y";«ri"tion 
significantly increases the RSV of the polymers produced at similar levels *° . _ 

45 polymer while at the same time increasing the rate of conversion from P°'y";^':,f °' .oth *® 

Knee, comparison of Examples 2 and 1 ? shows that under the same pofymer^^^^^ 
percent conversion and RSV are increased dramatically (from 8896 to 97.896 and from 24.4 to 29.2 

"^''"c^Tr^Srrsoroft^e'iesT^^^^^^^^^ 
50. excepT^rprrsence of NaCI, e.g., Examples 1 6-1 8 and 23, and 1 4 ^"''JS further i^^^^^ 50 
imorovement in oercent conversion and RSV. This Increase in both percent conversion and RSV Is 
^^SMrsurprising S view of the inversely proportional relationship between percent conversion 
and RSV illustrated previously in Table B. 



^"""■Thefollowlnq example illustrates the effect of LiBr on the RSV of polymers produced in 55 
accorSnce wiTh^he process of this invention. The emulsions are prepared from the same ingredients 
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and In the same manner as Example 1 , except that LiBr Is used instead of NaCI, and the amount of 
initiator and reaction temperature are varied as indicated in Table 2 below. 



Table 2 



Ex. 
No. 



Bath Temp., 
Time 



initiator^^^ 
(ppm) 



Conversion — 
i\4onomer to 
Polymer 



RSV 



30 



30«a 5 hrs. 



AC VA, 2500 



10 



96% 



35.7 



<a»Based on the weight of the monomers. 
(b'Based on the total weight of the emulsion. 

1 0 Comparison of the data in Table 2 with that of Examples 23 — ^29 of Table 1 , and particularly 10 

Example 25, wherein reaction conditions are the same as in this example except for the presence of 
LiBr in the emulsion, illustrates the significant increase in RSV while achieving a high percent 
conversion which occurs when LiBr is present in the emulsion prior to polymerization. 

Comparative Examples I — IV 
1 5 The following Comparative Examples Illustrate that water-soluble salts such as KCI and Na2S04 1 5 

have no measurable effect on the RSV of polymers produced in accordance with the process of this 
invention. The emulsions are prepared from the same Ingredients and in the same manner as Example 
1 , except that KCI and Na2S04 are used instead of NaCI or LiBr and the initiator type and concentration, 
and reaction temperature are varied as indicated In Table I below. 

20 Table I 20 



25 



Ex. 
No. 



I 

II 

III 
IV 



Bath Temp., 
Time 



fnitiator^'*^ 
(ppm) 



% 

Na^SO^^^ 



Conversion — 
i\4onomer to 
Polymer 



30«C, 5 hrs. 
30«C, 5 hrs. 

30^C, 5 hrs. 
30**C, 5 hrs. 



ADVN, 500 
ACVA, 2500 

ADVN, 500 
ACVA, 2500 



8 
8 



2 
2 



RSV 



96% 
96% 

94% 
95% 



32.8 
32.1 

27,2 
30.8 



25 



^^*Based on the weight of the monomers. 
Based on total emulsion. 

30 Comparison of the data in Table I with the data for Examples 23 — ^29 in Table 1 indicates that the . 30 

presence of KCI and Na^SO^ in the emulsions prior to polymerization does not produce a significant 
increase in polymer RSV at a high percent conversion. 

Examples 31 — 37 

The following examples illustrate the effect of lowering the polymerization temperature on the 
36 RSV of polymers produced in accordance with the process of this invention. The emulsions are 35 
prepared from the same ingredients and in the same manner as Example 1 , except that the chemical 
initiator type and amount and polymerization temperature are varied as indicated in Table 3 below. The 
amount of chemical initiator employed is increased as the polymerization temperature is lowered in 
order to maintain essentially equivalent polymfgrization rates and percent conversion of monomer to 
40 polymer at all temperatures. The data in parentheses is taken from previous examples. 4Q 



B COPY 



9 



GB 2 093 464 A 9 



Tables 



10 



15 



20 



25 



30 



35 



No. 


Da in lenip.. 
Time 


Inhfatnt 


Conversion — 
MonomBr to 
Poiymer 


RSV 




(2) 


(50°C, 5 hrs.) 


(ACVA, 400) 


(97.8%) 


(29.2) 


5 


(3) 


(50°C, 5 hrs.) 


(ACVA, 1 60) 


(93.896) 


(30.1) 




(4) 


(50°C. 5 hrs.) 


(ADVN, 80) 


(96.7%) 


(26.8) 




(5) 


(50°C, 5 hrs.) 


(KSO, 24) 


(94.7%) 


(30.2) 




(6) 


(BO^'C, 5 hrs.) 


(KBrOg, 100/ 


(97.8%) 


(30.9) 








MaUCO Anl*W 






1 U 


\n 


/ROOP C hrc \ 

\ou o nrs./ 


fAiPN) 1 nni 

(MIDIM, 1 \J\Jl 




(28 9) 




(8) 


\ou u, o nrs.; 




\0 / .0/0/ 








lou u, 0 nrs.; 




\^v>.*r /O/ 


(27 5) 




(10; 


loU"u, 0 nrs.; 




fQQ 






(1 1/ 


\oO"C, o nrs.; 


\AMt3IN, \>\J\JJ 


fQ7 1%1 




1 5 


31 


40^0, 5 hrs. 


ACVA, 1 000 


98.5% 


33.5 




32 


40**a 5 hrs. 


ADVN, 200 


98.3% 


34.5 




33 


40*'C, 5 hrs. 


AIBN, 1000 


98.1% 


32.1 




34 


40°a3hrs. 


KBrOs 100/ 


93.2% 


32.0 




NaHSOg, 40«w 






20 


(14) 


(30°C, 5 hrs.) 


(ACVA, 2500) 


(98%) 


(35.1) 




(15) 


(30°a 5 hrs.) 


(ADVN, 400) 


(94.9%) 


(37.4) 




(16) 


(30°C, 5 hrs.) 


(ADVIM, OUU; 


(isD.U/o; 


/OQ CI 




(17) 


(30°a 5 hrs.) 


(ADVN, 500) 


(96.4%) 


(38.0) 




(18) 


(30°C, 5 hrs.) 


(ADVN, 500) 


(96.9%) 


(35.7) 


25 


(19) 


(30*'C, 5 hrs.) 


(AIBN, 2500) 


(96.2%) 


(37.8) 




(20) 


(30°a 5 hrs.) 


(KBrOg, 100/ 


(98.5%) 


(38.0) 




NaHSOa, 40<^») 








(21) 


(30°C, 5 hrs.) 


(NaHSOa, 100/ 


(96.2%) 


(34.9) 




TBHP, 20«*'» 






30 


(22) 


(SO^'C, 5 hrs.) 


(K^SaOe. 20/ 


(97.4%) 


(32.3) 




NaHSOa, 8*W) 








35 


20*'C,5hrs. 


ADVN, 1 332 


97% 


40.1 




36 


20° a 5 hrs. 


ADVN, 2000 


98% 


38.2 




37 


20°C, ehrs. 


ACVA, 8000 


98% 


38.0 


35 



*^*Based on the weight of the monomers. 

^^''The first component of the redox system is dissolved in the aqueous phase prior to 
emulsification. The second component is added during the polymerization in ten equal increments, 
equally spaced over the course of the polymerization. 
40 **=*TBHP IS t-butyl hydroperoxide. 

<^^4% NaCI, based on total emulsion, is used instead of 8%. 



40 



Examples 7 — 1 1 are control examples and Illustrate the decrease in polymer RSV that results 
from employing increased concentration of initiator at 50**C. 

The data In Table 3 Illustrates the increase in RSV achieved by lowering the polymerization 
45 temperature while at the same time maintaining essentially equivalent conversion of monomer to 45 
polymer. For example, the RSV of the polymers produced at 20°C is in the range of 38 — 40 whereas 
the RSV of the polymers produced at 50°C is about 22 — 3 1 with the percent conversion of monomer 
to polymer being essentially the same at both temperatures. 

Claims 

50 1 . In a chemically initiated water-in-oil emulsion polymerisation process for making water-soluble 50 

anionic copolymers from at least two water-soluble, ethylenically unsaturated addition polymerlsable 
monomers, at least one of which is anionic, the improvement comprising: adding a salt selected from 
NaCI, NaBr, LiCI and LiBrto the aqueous phase of the water-in-oil emulsion prior to polymerization, and 
dispersing the aqueous phase and oil phase whereby the droplet size of the aqueous phase in the 

55 resulting emulsion is about 5 microns or less. 55 
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2. The process of claim 1 . wherein the water-soluble, ethylenicaffy unsaturated, ado'ifron 
polymerizable monomers are sodium acrylate and acrylamide. 

3. The process of claim 1 or claim 2, wherein the salt is NaCI. 

4. In a chemicaiiy initiated water-in-oll emulsion polymerization process for making water-soluble 
anionic copolymers from at least two water-soluble, ethylenlcally unsaturated, addition polymerizable 
monomers, at least one of said monomers being anionic, and at least one of said monomers being 
selected from the group consisting of (a) monomers conforming to the formula 



H2C=C— C — Y 
I 

R 

wherein R represents hydrogen or methyl, Y represents — NH^, — OM, or 

CHg 

I 

10 — NH— C— CHjSOgM 

I 

CH3 



10 



and wherein M is hydrogen, H4N'*', alkali metal, or a cation yielding a water soluble polymerizable 
compound, (b) vinyl sulfonic acid, (c) alkali metal salts of vinyl sulfonic acid, (d) diacetone acrylamide, 
and (e) mixtures thereof, the improvement comprising adding to the emulsion prior to polymerization a 
water-soluble salt selected from the group consisting of NaCI, NaBr, LICI, and LiBr, said salt comprising 
1 5 from about 2% by weight, based on the weight of the total emulsion, up to the saturation level of the 1 5 
salt in the aqueous phase of the emulsion at the temperature of polymerization, and the droplet size of 
the aqueous phase In the emulsion being about 5 microns or less. 

5. The process of any preceding claim in which the aqueous phase comprises from about 70% to 
about 76% by weight and the oil phase comprises from about 30% to about 25% by weight, based on 

20 the weight of the water-in-oil emulsion and the salt is sodium chloride. 20 

6. The process of any preceding claim in which the droplet size of the aqueous phase in the 
emulsion is about one micron or less. 

7. The process of any preceding claim, wherein the improvement further comprises maintaining 
the temperature of the water-in-oil emulsion below about 40*^0 during polymerization. 

25 8. A process for making water-soluble anionic copolymers according to claim 1 , substantially as 25 

hereinbefore described with reference to the Examples. 

New Claims or Amendments to Claims filed on 26th Nov. 1 981 . 
Superseded Claims 1—4. 

Newer Amended Claims: — 

30 1 . In a chemically initiated water-in-oil emulsion polymerization process for making water-soluble 30 

anionic copolymers from at least two water-soluble, ethylenlcally unsaturated, addition polymerizable 
monomers, at least one of which is anionic, the improvement comprising: adding a salt selected from 
NaCI, NaBr, LiCI and LiBr to the aqeuous phase of the water-in-oil emulsion prior to polymerization. 

2. The process of claim 1 , wherein the improvement further comprises maintaining the 

35 temperature of the water-ln-oi! emulsion below about 40**C during polymerization. 35 

3. The process of claim 1 , wherein the water-soluble, ethylenlcally unsaturated, addition 
polymerizable monomers are sodium acrylate and acrylamide. 

4. The process of claim 1 , wherein the salt Is NaCI. 
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